Design for automation of the baby teether by Costello, David Andrew
DESIGN FOR AUTOMATION
OF THE BABY TEETHER
by
DAVID ANDREW COSTELLO
Submitted to the Department of
Mechanical Engineering in
Partial Fulfillment of the Requirements
for the Degree of
BACHELOR OF SCIENCE
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
June 1989
@ Massachusetts Institute of Technology 1989
All rights reserved
Signature of Author
Department of Mechanical Engineering
May 12, 1989
Certified by
Steven D. EpgiInger
Theis Supervisor
Accepted by
Peter Griffith
Chairman, /Department Committee
ARCHIVES
OF TECHNOLOGY
JUL 10 1989
UmwsW
DESIGN FOR AUTOMATION OF THE BABY TEETHER
by
DAVID ANDREW COSTELLO
Submitted to the Department of Mechanical Engineering on
May 12, 1989 in partial fulfillment of the requirements for the
Degree of Bachelor of Science in
Mechanical Engineering
ABSTRACT
In conjunction with a local manufacturer of children's
products and as a follow up to the class "Design for
Manufacturability" a study of a baby teething ring was carried
out to consider the feasibility of fully automating its
manufacturing process. The consideration focused on the design
of the product and what aspect of it could be changed to eliminate
an obstacle to automation.
Compliance with industry standards regarding the strength
required to break the ring of the teether was defined as an
obstacle to automation that could be eliminated with a design
change.
A feasibility study of automation was done with the
conclusion that automation is worth the cost. Recommendations
are made that improve the strength from an average of 17.2
pounds to 26.1 pounds. These averages were determined from
tests done on vinyl strips that simulated an increase in the width
of the radio frequency sealed portion of the teether where it is
welded into a loop. The width was increased from 1/16" to 1/4".
Thesis Supervisor: Steven D. Eppinger
Title: Assistant Professor of Management
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Chapter One.
My thesis topic is the result of a class I took in the fall of
1988 called "Design for Manufacturability". The class was made
up of approximately sixteen students who were divided into four
groups. Each group was put into touch with a company in the
greater Boston area that had a product that was deemed
"improvable." Over the course of the last semester the four
members of our group met with company personal and attempted
to define the four aspects of the product that we would consider.
The individual final projects for the class were our thesis
proposals.
The company my group worked with was a toy manufacturer
located just outside Boston. The company is a manufacturer and
distributor of children's products. In 1987 the toy manufacturer
sold $24 million of children's products. The product that we dealt
with was a baby teething ring. (See Figure One.) The teether is
the manufacturer's largest selling product at just under $2 per
item for the nearly 1,000,000 shipped. It is a ring shaped device
made of flexible, clear, vinyl and filled with sanitized water. The
ring is divided into eight beads and in each bead, floating in the
water, is a semi-rigid, flat, plastic, toy animal. Although the
vinyl is constricted between the beads, the water can flow from
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one bead to another. When one bead is squeezed the flow of water
causes nearby animals to rotate rapidly. The clarity of the vinyl,
the bright color of the animals, and their rapid rotation are the
most obvious sources of the teethers' appeal to children. There is
also some therapeutic value to the teether. If a teething child
chews on the ring after it has been refrigerated, the cooling
effect supposedly soothes the child's gums.
This project was undertaken to improve the manufacturing
process and the quality of the teether and to analyze the market.
Some quality problems with the manufacturing process had led to
failures in the field. Since the toy manufacturer has a money
back guarantee on all of its products, several of the teethers have
been returned after breaking at both store sites and in customers'
homes.
The members of our group defined automation, marketing,
new product development, and product failure as the topics we
would discuss in our theses. My topic was automation.
Figure One. The Teething Ring
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Chapter Two. Production Today
The process of manufacturing the teething rings is not all
done by the toy manufacturer. The plastic animals are injection
molded in Hong Kong and shipped to the manufacturer in packets
of 100. Each packet contains only one color of one type of animal.
The shells of the teethers come as four foot wide rolls of
calendared vinyl that is 0.012" thick. The rolls are bought from a
manufacturer in northern Massachusetts and shipped to the
toymanufacturer.
The first stage of the assembly process is done by a
subcontractor in Hampton, Massachusetts. At the subcontractor
the rolls of vinyl are cut into 12" by 18" sheets and stacked with
paper in between to keep them from sticking together. The sheets
of vinyl and animals are sent to trays used during the Radio
Frequency (RF) welding process. (See Figure Two.) The buffer
trays are rectangular pieces of plastic the same size as the vinyl
with circles marked on them that show where to position the
animals. One sheet of vinyl is put on the buffer, the animals are
placed, and the second sheet is put on top. Each sheet assembly
contains thirty-two animals of assorted types and colors and will
eventually become four teethers.
Back at the subcontractor the sheet assemblies are placed,
one by one, on an RF sealing machine. An brass die with an
aluminum base is used on the RF machine to seal the vinyl sheets
together (See Figure Three. )
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Figure Two. The Buffer Tray Assembly and Die.
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Figure Three. The Brass Die.
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The configuration of the die gives the teethers their bubble shape
and allows them to easily be pulled away from the waste vinyl
and stacked. The teethers, in empty, stretched-out form (see
Figure Four) are sent back to the manufacturer.
At the manufacturer the assembly process is divided into
three segments: filling, sealing into a loop, and packaging. The
filling of the teethers is done on a multistation, indexing machine
that the manufacturer had designed and built specifically for
their product. (See Figure Five.) This machine is referred to as
the "filling seal" machine. A machine operator sits on one side of
the machine and places each teether on a nozzle. As the teethers
fill with sanitized water, the nozzles rotate in a circle. At the
side of the machine opposite the operator, an ultrasonic welder
seals the water in the teether. We refer to this as the filling
seal. Again excess plastic is cut off and the teether is forced off
of the nozzle.
Next the teethers are taken to a machine we call the "loop
seal" machine. This is simply another ultrasonic welder that is
used to weld the two ends of the teether together and give it its
ring shape. Finally the teethers are put in packages, boxed, and
sent to the warehouse.
In the first part of the manufacturing process, radio
frequency sealing is used because the resulting weld is strong
and easy to use in a die configuration. Ultrasonic welding is used
when making the filling seal and the loop seal because, as
opposed to radio frequency sealing, it is reliable in the presence
of water.
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Figure Four. A Teether as Received from the Subcontractor.
13
ULTASONI C
WE LDE R
OPERATOR
ROTAT IO N
Figure Five. The Filling Seal Machine.
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The cost of each teether when it reaches the manufacturer,
in its empty, stretched-out form, is approximately 19 cents. The
cost of the finished, packaged product is 46 cents before the cost
of administrative overhead is added.
15
Chapter Three. Automation
The decision of whether or not to automate a process is
almost always a financial one. However the cost of automation
can vary significantly for any one product. Several factors can
influence that cost. The most common design related factors are
the complexity of the product (the number of parts), the
complexity of the part orientation problem, and tolerance and
quality requirements.
It is very often the case that a product is designed purely to
meet the needs of the consumers and that the manufacturing and
assembly processes are built around that design. Often the initial
market volume is too low to justify automation so it is not taken
into consideration in the initial design. The proper design of a
product can effectively eliminate many assembly steps that a
machine might otherwise have to do.
Decreasing the number of separate parts in a product can
drastically reduce the cost of automation. In the case of the
teether, the animals must remain separate to maintain the same
product appeal. The only possibility is the vinyl. It would be
possible to use one piece of vinyl and fold it over or use an
extruded tube that could be shrunk to make the bubbles. The vinyl
16
rectangles could be made larger so that more than four teethers
are made from each sheet.
The orientation or degree of uniformity refers to how the
parts are positioned when they come from the original
manufacturer. Usually this varies with the size and number of
parts. The important issue is how to get the part on the machine
you are using in the position you want. The rolls of vinyl that the
teether shells are made from could fairly easily be used to align
the vinyl rectangles properly by unrolling them through a cutter
and feeding directly into a sealing machine. The plastic animals,
on the other hand, could be considered extremely disoriented.
Fortunately we only need them to be flat (which gravity takes
care of) and within a location that is almost twice their size. It
does not matter which side is up or which way they are rotated.
Vibratory bowl feeders are the most common solution to a part
placing problem of this type. The more complex the part
orientation problem is, the more expensive the feeder tends to be,
and the more likely the parts are to jam. Jamming of bowl
feeders is often a significant cause of process inefficiency.
Another solution might be to use the injection molding process to
orient the parts. Most parts that are injection molded in groups
are connected by a "tree" of the same material and are separated
after the plastic cools. The mold used for forming the animals
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could be designed so that the "tree" maintains the proper
orientation and separation of the animals. The tree would be left
attached until the animals are positioned on the vinyl and then
somehow removed.
Tolerances and quality requirements vary with the
complexity of the product and the market for which the product is
being produced. Products with many fast-moving parts tend to
have strict (and expensive) tolerance requirements. Simple
consumer products are often restricted more by government
health and safety regulations than by physical tolerances. One
way or another the issue often boils down to one of repeatability.
For example if you're trying to machine an identical hole in a
number of parts it's reasonable to assume that none of the holes
will end up having exactly the same diameter. The difference
could be caused by anything from wear on the tool you're using to
misalignment of the part on the machine. If the hole is going to
be a bolt hole, differences or tolerances of a few hundredths of an
inch may be acceptable. If the hole is going to be a bearing
surface the tolerances probably have to be within a few
thousandths of an inch. When a product is being made manually
the time can be taken to make sure the tolerances are within
strict requirements. This type of checking takes time and makes
the product susceptible to human error. Automatic manufacture
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and assembly can be made to be extremely accurate but can be
very expensive.
The FDA has many regulations for children's toys and
rattles, however teethers are exempt from most of them. The one
restriction that the toy manufacturer is most concerned with is
an industry standard that stipulates that it must take at least
fifteen pounds to pull the teether apart or to "break" the ring. I
refer to this characteristic as the pull strength of the teether.
The manufacturer's teethers have been averaging right around
seventeen pounds pull strength. European countries require
twenty pounds of pull strength in teethers sold in their markets
so the company wants improvement in this area regardless of
automation attempts. Our observations suggest that the weakest
part of the teether is in the area of the ultrasonic welds and that
maybe the pull strength is affected by changes in positioning of
the ultrasonic filling seals. The filling seal machine that the toy
manufacturer uses allows some variation in the alignment of the
teether with respect to the ultrasonic welder, and the teethers
are placed manually on the loop seal machine. In order to design
an efficient, fully automatic assembly system for the teethers
we need to be able to either eliminate the variations in alignment
or change the design of the teether so it isn't affected by the
variations.
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Feasibility Study
To determine the feasibility of automation, estimates of
the cost of labor saved and the cost of the assembly equipment
must be made. The cost of labor estimates are rough. The cost of
labor saved depends primarily on the number of direct labor hours
that are eliminated and this number depends on the extent of
automation. The design ideas I am presenting are not developed in
detail but I will attempt to make conservative estimates.
The manufacturer says that the teethers in their empty,
stretched out form as they arrive from the subcontractor cost
nineteen cents. On average the company sells 9,000 dozen
teethers every month or 1,300,000 in 1988. Based on this figure
they spend $250,000 on the teethers as they receive them from
the subcontractor. If we assume that forty percent of that cost
is parts and the rest is the subcontractor's labor and
administrative overhead, then elimination of the subcontractor's
work would save $150,000 in a year. If we keep one operator at a
cost of $30,000 the annual savings are $120,000.
The automated system that I would propose for the work
done by the subcontractor is shown in Figure Six. It would have a
buffer sheet mounted on an aluminum block that indexes from one
20
Chapter Four.
station to another and back. The vinyl would unroll through a
cutter, be cut, and fall onto the buffer sheet.
TUBES RADIO FREQUENCY
FRCN WELDER
1OWL
FEEDERS VACUUM
.Pi PE
Figure Six. Automated assembly system for the work done at the
subcontractor.
21
The animals would be put into place through tubes that are fed by
vibratory bowl feeders. The number of bowl feeders necessary
depends on the number of different shape and color animals. The
teethers made today average five different colors and shapes so
assume five bowl feeders would be necessary. After the animals
are in place the second sheet of vinyl would unroll, be cut, and
fall into place. The block with the buffer sheet, animals, and
vinyl would then move over to the radio frequency sealing
machine. The block would act as the base against which the
platen presses as the vinyl is sealed together. A vacuum system
would run through the block and buffer sheet to hold the vinyl on
the block as it pulls away from the platen. The holes in the block
and buffer in which the vacuum is created would be positioned
around the edge of the vinyl sheet so that another vacuum system
can be used to separate the teethers from the waste vinyl. The
block would move away from the RF sealer and the second vacuum
system would pull the teethers away from the waste vinyl. As
the block moves back to its initial position the vacuums shut off,
the teethers are dropped into a box, and the excess vinyl is
brushed out of the way. Although this design is not very detailed,
it is enough to give a reasonable estimate of automation.
The moving block, its vacuum system and the control
system are fairly complex. The movement of the block would have
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to be finely controlled and would cost on the order of $12,000.
The vinyl rolling and cutting system would cost about $3000. The
RF sealing machine could cost as much as $10,000. The vibratory
bowl feeders need only to separate the animals and send them at
the right times. Their cost should be average for bowl feeders or
in the $5000 range for each one. The second vacuum system and
the equipment for removing the waste vinyl would cost another
$4000. Design and consulting costs could be as high as $30,000.
The sum of these costs is $84,000.
The second half of the assembly process ( the work done at
the toy manufacturer) involves on average seven people. Two
people run the filling seal machines, three people run the loop
seal machines, one person moving teethers around, and one person
packaging them. If we keep an operator for this portion of the
work, the number of direct labor hours eliminated is that of six
people. At an average of $30,000 (wages and overhead) the yearly
savings are $180,000.
The automated system I would propose for the assembly
done at the toy manufacturer is shown in Figure Seven. The
process would start with the moving block system described
above. The water filling nozzles would move into the location of
23
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Figure Seven. Automated assembly system for the work done at
the manufacturer.
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the teether neck before the second sheet of vinyl drops into place.
The nozzles would swing with the block until after the waste
vinyl is removed. The vacuum systems would be reversed so that
the second system removed the waste and the teethers remained
on the block. As the waste vinyl was removed the teethers would
be clamped to the nozzles and begin filling. While they were still
filling the block would move under an ultrasonic welder and all
four teethers would be sealed at once. The process of getting the
teethers into a ring shape would be accomplished by actually
"rolling them up" on a cylinder. A vacuum system in the cylinder
would help hold the teethers in place on it. The block would
return to its initial position. The cylinder would then move back
under the ultrasonic welder and the loop seal would be created.
During this sealing process the cylinder would act as the
backdrop for the welder. The cylinder's vacuum would shut off,
the teethers would be pulled off its end, and they would be
dropped into the packing bubbles on the packing machines that
exist today. It might be necessary to include a blow drying
system so that water spilled on the buffer sheet during filling
wouldn't interfere with the RF sealing process.
As was the case above, the design I have proposed for the
work done at the toy manufacturer has not been worked out in
detail but it is enough to make a rough estimate. The additions to
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the moving block would cost another $5,000. The water filling
equipment would be about $2,000. The ultrasonic welder would
cost $15,000. The cylinder and its vacuum would be $3,000. The
equipment for transferring the teethers to the packing machine
would be $2,000. The dryer would be$3,000. Design and
consulting costs would be on the order of $30,000. All of these
costs add up to $60,000. The difference between the savings on
labor and the cost of automation is $120,000.
The total labor savings from automation is $300,000 in a
year. The total cost of automation is $145,000. The difference is
$155,000. Obviously these design ideas are vague. There are also
other issues involved like speed, (the system must produce four
teethers every twenty seconds to maintain present production
volume,) and the costs involved in laying off employees. The
estimated savings would suggest, however, that automation is
well worth its cost. It must be kept in mind that this assembly
process design was created to estimate the cost of automation.
This is a first draft of an assembly process. It is not necessarily
the simplest or the best design.
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Improving the Pull Strength
The focus of my thesis combined with the quality oriented
focus of my colleague's thesis, and the desires of the company,
have forced me to consider in more detail the issue of pull
strength. The testing that I did was done in conjunction with a
colleague from the Design for Manufacturability class.
I have identified two problems with regards to pull
strength. The first is that the goal for pull strength is twenty
pounds. Achievement of this goal would allow the teethers to be
marketed in Europe. The second problem is the inconsistency of
the pull strengths. As I mentioned above the pull strengths
average around seventeen pounds however they vary significantly.
If we can achieve an average pull strength that is substantially
higher than our goal of twenty pounds than the inconsistencies
will not matter.
We began our observations by using an electronic spring
scale to measure the pull strength of the teethers as they are
being made today. The teether is cut opposite the loop seal(see
Figure Eight,) the water is drained, and one end is clamped into
the electronic spring scale. The other end is pulled until the
teether breaks. The maximum force on the scale is registered
digitally. The results of ten typical pull tests are shown in
27
Chapter Five.
~ SCALE
ON
TEETHER
Figure Eight. The Pull Test.
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Appendix A, Table One. Their average was 17.2 pounds. Figure
Nine shows the location of the fill and seal weld and the loop seal
weld and the usual location of the break. We observed that the
teethers were breaking within the area of the filling seal and not
within the area of the loop seal. From this observation we
guessed that the loop seal was not affecting the maximum pull
strength or was not the cause of the weak point in the teether.
We guessed that the weak point was caused by the filling seal. To
test this we did pull strength tests on teethers before they were
sealed into a loop. We clamped the teethers on one side of the
filling seal and pulled on the other. The results are shown in
Appendix A, Table Two. The average of these tests was 16.4
pounds. These results are virtually the same as the original pull
test results. The breaks in the second set of tests also occurred
in the filling seal zone.
Realizing that the loop seal does not weaken the teether as
much as the filling seal does, we tried to look for obvious
differences. The first thing that came to mind was the water
pressure that exists as the filling seal is being created. In order
to keep the teethers inflated, water is continually pumped until
after the filling seal is created. Because the filling seal holds
the water in, there is no pressure present on the loop seal when it
29
We shut off the water supply to the fill and seal
machine and sealed teethers in an otherwise normal fashion.
FILLING
SEA L
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Figure Nine. Ultrasonic welds and a typical break.
30
is created.
The pull tests done on these teethers gave the results shown in
Appendix A, Table Three with an average of 16.4 pounds. The
water does not have a significant effect.
Another observation we made was that the breaks in the
teethers seemed to follow the path of indentations on the vinyl
which are created by knurling on the ultrasonic welder. (See
Figure Ten.) We also noticed that the pull strength of the
teethers seemed to be lower when the fill and seal zone extended
over to the edge of the teether. Our guess was that the knurling
was creating stress concentrations in the vinyl and that when
these concentrations were at the edge of the teether, the
likelihood of a fracture developing was increased dramatically.
We thought that if we could prevent the fill and seal zone from
extending over the outside edge of the teether that the force
necessary to develop a fracture would be greater. We took
unfilled teethers and cut them so we could move the filling seal
zone to a position where it did not extend to the edges of the
teether. (See Figure Eleven.) Pull tests on these teethers gave
the results in Appendix A, Table Four. The increase in pull test
results was significant. The average pull strength was 22.2
pounds.
In order to further test our hypothesis we had The
subcontractor make us six inch long, double layered strips that
31
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Figure Ten. Knurling on the ultrasonic welder.
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FILLING SEAL
Figure Eleven. The repositioned ultrsonic weld.
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resembled the shape of the neck of the teethers. (See Figure
Twelve.) The size of the inner channel was the same but the width
of the RF seal was 1/4" wide instead of the usual 1/16". Using
the fill and seal machine, we created filling seal zones on the
strips and then did pull tests on them. The results (shown in
Appendix A, Table Five) were consistent with those in Appendix
A, Table Four and averaged 26.1 pounds. We then took more of the
strips and trimmed the RF sealed portion of the vinyl to 3/16" on
each side. We created filling seal zones and did pull tests on
these strips. These results are also shown in Appendix A, Table
Five and suggest that the strength of the ultrasonic filling seal
zone is proportional to the width of the RF weld on the teether
neck, or more specifically, the distance between the edge of the
teether and the knurling.
34
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Figure Twelve. The test strips.
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Chapter Six. Conclusions
The conclusion we have come to is that the low pull test
results were caused by stress concentrations on the teether
edges. The fill and seal machine that the toy manufacturer uses
today allows variations in the position of the teether with
respect to the ultrasonic welder. These variations cause the
welder's horn to extend over the edge of the teether some of the
time. The knurling on the face of the welder's horn causes stress
concentrations in the vinyl and decrease its strength. When the
knurling impacts the teether at its edge the stress
concentrations that are created are greater than those on the
interior and therefore the teether breaks at a lower applied force.
Widening the RF sealed portion of the teether neck allows for
position variations on the fill and seal machine and prevents the
filling seal zone from extending over the edge of the teether.
Our recommendation to the toy manufacturer is to widen the
RF sealed portion of the teether neck to 1/4" on each side.
Widening it more than this is unnecessary and would cause
aesthetic problems. Temporary inserts could be attached to the
existing platens to develop actual prototypes without a large
investment.
With regards to complete automation I would consider
changing the design of the teether significantly to simplify the
36
assembly process. I would also recommend moving ahead with
automation by having a design consultant give a detailed design
and price estimate.
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Experimental Data
Table Al. Data
Test Number
1
2
3
4
5
6
7
8
9
10
from Round Seal Tests
Pounds to Break
17.7
18.2
15.2
17.4
19.4
18.6
16.5
16.2
15.4
17.3
Average Pounds to Break = 17.2 pounds
Table A2. Data from Straight Teether
Test Number
1
2
3
4
5
6
7
8
9
10
Pounds to Break
15.6
15.8
16.5
15.9
14.9
17.2
17.1
16.9
17.5
16.6
Average Pounds to Break = 16.4 pounds
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Tests
Appendix A.
Table A3. Data from Experiments Without
Test Numbe
1
2
3
4
5
Pounds to Break
16.1
16.7
16.5
16.1
16.8
Average Pounds to Break = 16.4 pounds
Table A4. Data From Middle Bubble Experiments
Test Number
1
2
3
4
5
6
10
11
12
Pounds to Break
25.0
23.7
23.8
22.9
22.8
18.0
18.7
24.5
26.6
17.6
19.5
23.3
Average Pounds to Break = 22.2 pounds
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Water
Table A5. Data From the Test Strips
Width of RF Seal
1/4"
1 /8"
Test Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
1
2
3
4
5
6
7
8
9
10
Pounds to Break
27.4
30.0
24.5
29.9
26.3
26.1
27.2
25.9
24.0
26.8
26.1
27.5
23.7
20.5
19.9
20.4
19.2
19.4
20.0
20.9
22.3
19.8
20.0
22.6
Average Pounds to Break For
Average Pounds to Break For
1/4"
1/8"
= 26.1 pounds
= 20.4 pounds
40
